In this work, the technology of fish gelatin from the skin of Atlantic cod from the Barents Sea was developed. The influence of enzyme type, extraction time, and pH of extraction on properties of fish gelatin was studied. The usage of proteolytic enzymes increases the yield of gelatin in comparison with acidic treatment, but the molecular weight of gelatin and viscosity of its solution decrease. The results observed related to the cleavage of peptide bonds of collagen during the enzymolysis process. The increase the time of extraction leads to an increase in molecular weight and quality of gelatin obtained. It was shown that gelatin obtained can be successfully used in the production of functional food products based on fish raw materials. The results obtained are of great importance for the fish-processing industry. They allow transforming existing technologies into non-waste processes and thereby enhance the effectiveness of enterprises and create better environmental conditions.
Introduction
Gelatin is a natural biopolymer derived from fibrillar collagen which widely used in the food industry due to its unique capacity to thermoreversible structure formation [1, 2] .
Traditionally, the commercial gelatin is derived from animal collagen [3] . However, the usage of such gelatin is limited due to some cultural and religious aspects, as well as the development of bovine spongiform encephalopathy [4] . In addition, fish gelatin is safer and hypoallergenic, unlike gelatin of animal origin. Fish gelatin can replace the gelatin of animal origin. Thus, collagen-contained marine fish materials are ones of the most promising sources of gelatin. Large quantities of co-products (skin, cartilages, etc.) from commercially valuable marine fish species, such as Atlantic cod, are produced during the fish processing. These waste products contain a large amount of collagen and thus can be used as a prospective source of fish gelatin [5] .
Fish gelatin produced by acid or alkaline treatment of collagen-contained raw materials [3] . However, the usage of such methods provides a rather low yield of the final BRDEM-2019 product. The yield of gelatin can be increased by enzymatic treatment of collagenous raw materials, which provides deep destruction of native collagen and increase the bioavailability of gelatin obtained [6, 7] . Proteolytic enzymes of fish origin have high specificity for fish protein, which makes them the most promising in the gelatin production [6, 7] .
So that, this work is aimed to develop the technology of fish gelatin from Atlantic cod skin by using the extraction methods and proteolytic enzymes, which helps to transform the existing technologies into wasteless and environmentally friendly.
Materials and Methods

Materials
The skin of Atlantic cod (Gadus Morhua) was used as a raw material for obtaining gelatin.
The skin was rinsed in cold tap water to remove small amounts of muscular tissues and impurities and then frozen. The chemical composition of cod skin is presented in Table   1 . Glacial acetic acid, 10% solution of sodium hydroxide and distilled water were used to control the pH of gelatin extraction.
The proteolytic enzymes Protosubtilin and Hepatopancreatin from digestive gland of Kamchatka crab were used for the enzymatic treatment of cod skin ( Table 2 ). 
Gelatin extraction
Cod skin was preliminary defrosted and then cut into the pieces of 5 mm. Then, suspension of cod skin in water was prepared by addition of distilled water to the skin in 3:1 ratio at room temperature. After that, gelatin was extracted it two ways: a) pН of skin in water suspension was adjusted to 5 by glacial acetic acid. Then, the suspension was heated to 50±1 ∘ C, after that gelatin was extracting for 0.5, 1, 2 and 4 hours at 50±1 ∘ C and constant mixing; б) pН of skin in water suspension was adjusted to the value of optimum enzyme conditions (pН 6-9) by sodium hydroxide. Then, an enzyme was added in the amount of 0.25 % based on the mass of cod skin. Then, the suspension was heated to 50±1 ∘ C and held at this temperature for 0.5 --1 hour at constant mixing. After enzymatic treatment, the suspension was quickly heated to 60 ∘ C to deactivate enzyme and cooled again to 50 ∘ C. pН of skin in water suspension was adjusted to 4-5 by glacial acetic acid, and then gelatin was extracting for 1-1.5 hours at 50±1 ∘ C and constant mixing.
At the end of the extraction, the gelatin-containing solution was filtered through the filter paper at a temperature no lower than 30±1 ∘ C. After filtration, gelatin was dried in the drying oven at 50±5 ∘ C or in the vacuum freeze dryer.
The yield of gelatin was calculated by using the following equation:
where m --mass of dry gelatin, g; M --mass of dry skin, g.
Preparation of gelatin solutions
Gelatin aqueous solutions were prepared by preliminary swelling in distilled water at room temperature and the following dissolution at 40 ∘ C.
Moisture content
The moisture content in gelatin samples was measured by drying to constant weight at 105±2 ∘ C for 18 h: 
Dynamic viscosity
The dynamic viscosity (η) of 10% solution of gelatin was determined by using capillary viscosimeter at 40,0 ± 0,1 ∘ C:
where k --viscosimeter constant, mm 2 /s 2 ;
τ --flow time, s;
ρ --density of 10% solution of gelatin at 40.0 ∘ C and shall be taken to equal 1.025 g/cm 3 .
Clarity of gelatin solutions
The clarity of 5% solution of gelatin was measured by using spectrophotometer Unico S-1201E (USA) at wavelength λ = 440 nm.
Viscosity-average molecular weight
The viscosity-average molecular weight of gelatin was determined by using capillary viscosimeter at 35±1 ∘ C. The pН of gelatin solutions was adjusted to the pH of isoelectric point by the addition of a buffer solution. Each sample was preliminarily placed into the thermostat at hold at 35 ∘ C for 20 minutes. The flow time of water (t 0 ) and gelatin solution (t) was determined five times.
The relative viscosity was calculated using the following equation:
where η, η 0 --viscosity of gelatin solution and water respectively; t, t 0 --flow time of gelatin solution and water respectively.
The characteristic viscosity was calculated by using the graphical method in coor- Da were used for calibration. pI was determined as a minimum on the curve ν= f(pH).
Isoelectric point
Infrared spectroscopy
Infrared spectra of gelatin samples were obtained by using the Fourier transform IR spectrometer IRTracer-100 (Shimadzu Corp., Japan) at the wavelength of 2000 to 500 cm −1 . First, gelatin samples were ground by micro grinder Pulverisette 7 (FRITSCH GMBH, Germany) for 20 min and then mixed with KBr at mass ratio 1: 120 for the BRDEM-2019 preparation of tablets. Tablets with a mass of 250 g and a diameter of 13 mm were extruded under the pressure of 63.7 MPa for 1 min at room temperature.
Results and Discussion
Characterization of fish gelatin
The yield of gelatin samples from Atlantic cod skin obtained at various conditions was determined ( Table 3 ). The use of enzymes increases the yield of gelatin by 13-19 % in comparison with simple acidic treatment because the enzyme leads to the deeper cleavage of peptide bonds of collagen during the enzymolysis. The extraction time and pH do not significantly affect the yield of the gelatin. Table 4 .
Gelatin samples 1-3 obtained by using proteolytic enzymes do not conform to GOST 11293 --89 and cannot be used in the food production, since their solutions have low viscosity, high turbidity and, also, have a salty taste, which sharply limits their application. Samples 4 -7, in the production of which the stage of enzyme treatment was excluded, have higher consumer qualities. The use of more rigid processing conditions, for example, low pH or using enzymes with high substrate specificity, therefore causes deep destruction of collagen and gelatin molecules, leading to a decrease in consumer qualities of the final product. The numerical values of the viscosity-average molecular weights ( ) and weightaverage molecular weight ( ) of gelatin samples are given in Table 5 . the extraction time for which was 2 hours. It should be noted that gelatins obtained without enzymatic treatment conform to GOST 11293 --89 for food-grade gelatin. 
BRDEM-2019
Molecular weight distribution
Isoelectric point
The values of isoelectric point (pI) of gelatin samples are presented in Table 6 . pI of obtained gelatins is within the value of 7. pI of fish gelatin Sigma is equal to 4.8 as this sample was obtained by alkaline treatment.
IR spectra
The samples of gelatin from cod skin were identified in comparison with the IR spectrum for fish gelatin Sigma (Figure 2 ). The main absorption bands of the functional groups of gelatins are given in Table 7 . The IR spectra of proteins and their decay products BRDEM-2019 bond. An absorption band at 3330 cm −1 also characterizes collagen or gelatin [9] . Table 7 : Main absorption bands of gelatin functional groups [9, 10] . 
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